EnhancEd rEcovEry aftEr surgEry
Anaesthesia and Intensive Care, Vol. 40, No. 3, May 2012 (ERAS). These studies have demonstrated that ERAS can enhance efficiency of care without adversely affecting outcome, even after major abdominal surgery [9] [10] [11] [12] [13] .
In 2009, The Australian Safety and Efficacy Register of New Interventional Procedures -Surgical reported on the likely potential of the safety and efficacy of 'fast-track' surgery programs in Australia 14 . They concluded fast-track surgery was as costeffective, efficient and could result in beneficial outcomes for patients. The Victorian Department of Human Services (now Department of Health) sought a collaboration to investigate this further. A perioperative collaboration was formed between the Alfred, Geelong and Box Hill Hospitals (Ethics Committee approval numbers 275/09, 09/97 and LR43/0910 respectively) to investigate current practice, the feasibility of establishing a fast-track surgical program for abdominal surgical patients and to establish a set of measures of tablE 1 Anaesthesia roles within an ERAS treatment bundle (derived from references 5, 6, 7, 9, 11 ) Anaesthetist role ERAS team roles Regular oral non-steroidal anti-inflammatory drug and paracetamol; oxycodone for breakthrough pain successful implementation of such a program. This paper reports on the uptake, feasibility and outcome of this ERAS program following abdominal surgery in three major hospitals in Victoria.
MATERIALS AND METHODS

Study design
We used a before-and-after study design. The baseline (pre-implementation) phase was for five months in 2009. During this time, a team of trained project officers collected existing perioperative practices and outcome data from eligible patients undergoing surgery. Following this baseline collection, an education and introductory phase occurred for the subsequent two months, with a change team consisting of a senior anaesthetist, surgeon, perioperative (nursing) care co-ordinator and project officer, along with representatives from surgical nursing and allied health. The evidencebased background of ERAS was sent to all surgical, anaesthetic and nursing staff by the team, and local meetings were held. After the two-month educational phase the change team monitored patient management for ERAS bundle compliance with the aim of maximally incorporating it into routine practice for the remainder of the project. The post-ERAS intervention phase occurred for five months following the completed implementation phase, during which identical perioperative data were collected.
The study was approved by the Ethics Committee of each hospital, with endorsement of the waiver for patient consent in view of this being a quality improvement project. Adult patients undergoing elective abdominal surgery involving a laparotomy incision or laparoscopic colorectal surgery were included. Patients were excluded if they were undergoing vascular, inguinal hernia, gynaecological or urological surgery.
An ERAS treatment bundle derived from systematic reviews 5,6,9 and published recommendations 7,11 was defined before commencing the study (Table 1) . A clinical pathway was designed aiming for hospital discharge by postoperative day 5.
Outcome measures
We used recommended indicators to characterise the ERAS program 6, 12 . Indicators influenced by the ERAS program included: 1) Financial (hospital stay); 2) Clinical processes (intravenous fluid volume; pain and nausea scores and intensive care unit stay) and outcomes (complications, hospital readmission, mortality); and 3) Service (global quality of recovery).
The primary endpoint of the study was adherence to the ERAS treatment bundle, using the median number of successfully implemented ERAS items. Secondary endpoints included hospital stay and each of the outcome measures. We initially identified 13 items from the ERAS bundle that could be readily quantified on our database, but later amended this to 14 to include use of any local anaesthetic technique (Table 1 ) and a score of 1 was given to each. We chose a score of 8 or more to define successful program implementation. 5, 6, 7, 9, 11 
Patient and surgery characteristics
Patients' demographic, co-morbidity, usual medication, surgical and anaesthetic data were collected. The risk of postoperative morbidity and mortality, and thus casemix, was defined by using the American Society of Anesthesiologists (ASA) physical status classification and the Portsmouth modification of the Physiologic and Operative Severity Score for Enumeration of Mortality and Morbidity (P-POSSUM) system 1, 15 . Physical functioning was determined by the Duke Activity Status Index 16 . Surgery was classified as minor, moderate, major or complex major, according to the degree of and expected duration of surgery, as well as the expected postoperative inflammatory response 1, 15 .
Intraoperative data were recorded in real-time by the anaesthetist. During the daily audits by the local project officer, current surgical and perioperative practices were recorded from hospital paper and electronic sources. An 11-point (0=no pain, to 10=worst pain ever) verbal rating scale was used to measure pain at rest and on movement. Opioid usage was reported in morphine equivalents, with oral oxycodone dosage conversion using a ratio of 2:3. Wound infection and other complications were classified according to established criteria [17] [18] [19] [20] .
Definition of complications 1. Reoperation -a return to theatre within 30 days. 2. Hospital readmission -patient readmitted to hospital within 30 days. 3. Thromboembolism -symptomatic deep vein thrombosis or pulmonary embolism confirmed by medical imaging or autopsy. 4. Myocardial infarction -confirmed by electrocardiography and/or troponin rise. 5. Respiratory -pneumothorax, atelectasis, or pneumonia -confirmed by chest X-ray; for pneumonia: also two or more of temperatures >38°C, white cell count >12×10 9 /l, positive sputum culture. 6. Urinary tract infection -The presence of >10 5 bacteria/ml with the presence of white cells in the urine in previously clear urine. 7. Acute kidney injury as defined by the Acute Kidney Injury Network criteria 21 . Absolute increase in serum creatinine of ≥26.4 μmol/l (≥0.3 mg/dl) or a relative increase in serum creatinine of 50% or more. 8. Ileus -documented cessation of bowel function with a variable reduction in motility. 9. Intra-abdominal collection -documented clinically or radiologically.
10. Wound infection -purulent discharge or a positive microbial culture. 11. 30-day mortality -death at 30 days postoperatively due to any cause.
Statistical analyses
A required sample size of 450 (225 per group) was calculated based on a change in ERAS bundle uptake from 50 to 65% (a=0.05, b=0.2). Inferential statistics were calculated by the Student's t-test if normally distributed or otherwise with the Mann-Whitney U test. Hospital length of stay was expected to be skewed and so we did a logarithmic transformation to calculate geometric mean in order to compare groups with a t-test 22 . Intergroup frequencies were compared with the chi-square test. Continuous data are reported as mean (SD) and/or median (interquartile range [IQR]). Linear regression analysis was used to adjust for P-POSSUM scores and extent of surgery to account for imbalance in casemix in the comparison of the geometric mean hospital stay. A P value <0.05 was considered significant.
RESULTS
Casemix
We recruited 323 subjects in the 12 month period for which we were funded. The pre-and post-ERAS cohorts had comparable demographic and perioperative characteristics, as well as P-POSSUM scores ( Table 2) . Post-ERAS patients tended to be older with higher rates of hypertension and coronary heart disease, and at higher risk of postoperative nausea and vomiting (PONV). Patients in the post-ERAS cohort underwent more colorectal and hepatobiliary surgery, but underwent less extensive surgery.
Characteristics of anaesthesia and perioperative care
The use of ERAS-recommended items was significantly higher in the post-implementation phase ( Table 3 and Figure 1 ). The use of preoperative oral nutritional supplementation, nausea prophylaxis, less opioid administration in the 48 to 72 hour postoperative period, earlier oral fluid and solids intake, and earlier ambulation after surgery were all significantly improved. Intravenous fluid administration was substantially reduced intra-and postoperatively. The post-implementation cohort had higher rates of successful ERAS treatment bundle adherence, 68 vs 83%, P=0.001.
Recovery profile and hospital stay
The post-ERAS cohort had higher rates of postoperative oral nutritional supplementation Table 4 ). Markers of comfort and restoration of normal function, including pain scores and nausea scores, were significantly improved. ERAS patients had significantly shorter hospital stay, geometric mean (SD) 5.7 (2.5) vs 7.4 (2.1) days, P=0.006; median (IQR) 6.2 (4 to 10) vs 7.0 (5 to 11) days, P=0.026. When the effect of ERAS was adjusted for differences in P-POSSUM scores and extent of surgery, the reduction in length of stay remained significant (P=0.012). Those who had successfully achieved at least 8 ERAS items had a shorter hospital stay when compared with those who did not, geometric mean 6.0 (2.4) vs 7.8 (2.2) days, P=0.029.
Postoperative complications
There were no significant differences in the rates of complications after surgery, including rates of hospital re-admission ( Table 5 ). The overall rates of complications (excluding PONV, re-operation and readmission) were comparable, 31 vs 32% (P=0.78).
DISCUSSION
Implementation of a comprehensive ERAS program into three Victorian hospitals with a twomonth education and implementation phase has been demonstrated. We have shown an increase in delivery of ERAS bundle of care principles from 68 to 83%. This was associated with improvement in postoperative recovery as defined by lower pain and nausea scores, earlier feeding and mobilisation. There was also an associated reduction in hospital stay with no risk of additional complications. Our reoperation and hospital readmission rates were not increased, and were lower than that reported by others 3, 10, 23, 24 .
Despite these positive findings, variation and poor uptake was noted in some of the key ERAS items across the three hospitals and few patients achieved high (>80%) compliance. The amount of intravenous fluid administered during and after surgery was higher than that recommended by others 9 . We observed only a small increase in the number of implemented ERAS items, from a median of 8 to 9 items. Our defined successful ERAS implementation, increasing from 68 to 83%, could have been achieved with only one additional item because we started close to 8 ERAS items in the pre-implementation phase.
Despite a study design that aimed to eliminate bias, it is acknowledged that the pre-and post-ERAS group are not well matched in the type of surgery performed. Because this was a non-blinded study it is acknowledged an element of Hawthorne effect cannot be excluded. The pre-and post-ERAS patient numbers were 164 and 159 respectively; the total number of 225 patients per group was not achieved. Despite the post-ERAS group being at higher risk as assessed by the P-POSSUM score, a higher proportion of major cases were in the pre-ERAS group; the latter would be expected to have a longer expected hospital stay and, because it is not a contemporaneous control group, caution should be used in interpreting the results and fully attributing improvements to the use of the ERAS protocol. One of the ERAS principles is to minimise the size of surgical incisions and thus consider laparoscopic rather than open approaches to surgery -this may be one explanation for the reduced extent of surgery in the post-ERAS group. Future data acquisition under an ERAS protocol may allow comparisons within individual craft groups. The study was not powered to reliably detect possible complications of an ERAS program. The large number of statistical comparisons will increase the chances of type I errors.
The existence of an ERAS project co-ordinator was considered an important constituent for successful ERAS implementation. Regular communication between disciplines including presentations, 'in-service' training and email-based circulation of information took place. Specific attention was given at junior medical staff changeover throughout the year to ensure awareness of the program and assist with compliance.
Anecdotally, each of the three hospitals reported very positive feedback from ERAS patients regarding their care before and after surgery. Many patients commented on the special value of receiving the personalised phone call from the hospital in the weeks after their surgery that was part of the ERAS package. The purpose of this follow-up was to monitor and ensure that enhanced recovery was not associated with increased morbidity or need for readmission. Improved relationships across the various disciplines caring for surgical patients throughout the hospital were also reported. Improved co-ordination in patient follow-up after surgery was found to greatly improve staff, patient and family satisfaction with the care delivered.
Although increased uptake rates of ERAS principles in the anaesthesia care of patients having major abdominal surgery have been demonstrated, there remain opportunities to further improve and implement these principles into care. Sustained change is likely to require ongoing active processes to monitor and correct reversion to old habits and practices. Smoking cessation was not improved prior to surgery, but most patients were reviewed only one to two weeks before their admission. Nevertheless this opportunity for health promotion and reduced perioperative risk should not be missed 25 . Doctors are notoriously resistant to the use of protocols 5 , but non-adherence to clinical guidelines or pathways is most often related to either a lack of awareness of their existence or busy work schedules. More extensive pre-admission and surgical nursing education and support could lead to further improvements.
